We proposed to combine an ultra-micro flow analysis instrument using the fused-silica capillary and the CL detector. The CL reaction of luminol and hydrogen peroxide was adopted and the batch-type CL detection cell was used. Luminol and isoluminol-labeled protein as a model were sensitively and reproducibly detected with very small amounts of quantitative reagents. The analyses were repeated at least 100 times without any treatments such as washing capillaries or exchanging the hydrogen peroxide solution. The present system successfully promoted the miniaturization, simplification, and sensitization of the analytical system. 
Miniaturization has generally a number of merits, so it has been one of best-recognized research directions in science and technology. Some interesting investigations with respect to miniaturization have also been done in the field of analytical chemistry. Components in miniaturization are frequently sought to improve the versatile performance of various analyzers.
Commercially available flexible fused-silica capillary tubes were found to have uniform narrow bore, inert inner surface, good flexibility and convenient performance for the miniaturization of analytical instruments. 1 For example, an ultra-micro flow injection analysis using the fused-silica capillary of 100 µm i.d. was reported by Ishii et al.; 2 in their system the solutions were fed by use of the micro syringe pumps at the rates of 0.5 -5 µl min -1 and the UV/VIS detector was used.
On the other hand, the chemiluminescence (CL) detection has already been used in flow injection analysis, high performance liquid chromatography, [3] [4] [5] and capillary electrophoresis. [6] [7] [8] Recently, the CL detection is also estimated to be one of the detection methods best matched to the micro total analysis system (µ-TAS), because CL does not require any light source or spectroscopes. 9, 10 The CL detection features high sensitivity, wide determinable range, easy operation, inexpensive apparatus and reagent, and simple construction in an instrument.
In this study, we tried to combine an ultra-micro flow analysis instrument using the fused-silica capillary and the CL detector; here the CL reaction of luminol and hydrogen peroxide was adopted and our original batch-type CL detection cell was used. 6 The ultra-micro flow analysis equipped with the CL detector successfully promoted the miniaturization, simplification, and sensitization of the analytical system.
Experimental
All reagents used were commercially available and analytical grade. Ion-exchanged water was distilled for each use.
Luminol and microperoxidase were purchased from Nacalai Tesque. Isoluminol isothiocyanate (ILITC) was purchased from Tokyo Chemical Industry Co. Human serum albumin (HSA) was purchased from Sigma Co. ILITC-labeled HSA was prepared according to the procedure reported before. 6 The excess ILITC in the mixture solution obtained after the labeling procedure was removed through the column separation to give the ILITC-labeled HSA sample solution.
A schematic diagram of the present ultra-micro flow analysis system is shown in Fig. 1 . Our original CL detection cell 6 was used here; the batch-type detection cell was constructed of Teflon with an inner volume of about 8 ml. One of the faces of the cubic cell was a piece of Pyrex glass (1 mm thick). A fusedsilica capillary 50 cm long (from the three-way joint to capillary outlet) with 75 µm i.d. (GL Sciences Inc.) was fixed to the detection cell, which included a 10 mM phosphate buffer solution (pH 10.8) containing 400 mM hydrogen peroxide. The distance between the capillary outlet and the inner face of the glass was maintained at about 0.5 mm. As analytes emerged from the capillary, they reacted with reagents to produce visible light. The CL was detected with the photosensor module.
A 2 by operating the two syringe pumps as follows; first, the sample solution was delivered into the carrier solution line at the flow rate of 0.33 µl min -1 for 10 min, and, next, the sample solution plug was delivered to the CL detection cell with the carrier solution at the flow rate of 1.67 µl min -1 . The CL peak was detected at the tip of the capillary that was inserted into the batch-type CL detection, where the sample, microperoxidase, and hydrogen peroxide were mixed to induce CL.
Results and Discussion
First, we examined the calibration curves of luminol with various sample injection times at the sample solution flow rate of 0.33 µl min -1 . Good linearity of the calibration curves were not obtained with less than 10 min of sample injection time. Also, we examined the effect of the flow rate of the carrier solution on the luminol measurements. The flow rates higher than 1.67 µl min -1 indicated poor reproducibility in the measurements. Consequently, the experiments in this study were carried out with the sample injection time of 10 min and the carrier flow rate of 1.67 µl min -1 in order to achieve wide determinable range and reproducible measurement with sample volume as small as possible.
Luminol was determined over the range of 1 × 10 -9 -1 × 10 -6 M with the detection limit of 8 × 10 -10 M (S/N = 3). The correlation coefficient of the calibration curve of luminol was 0.999. Typical CL profiles are shown in Fig. 2 . Luminol was analyzed at the rate of about 20 samples per hour. The relative standard deviation of 1.0 × 10 -7 M luminol (n = 15) was ca. 2.5%. The measurements at 3 min intervals could be repeated at least up to 100 times with good reproducibility without any treatments such as washing capillaries or exchanging hydrogen peroxide solution. The sample volume of ca. 60 nl was about 1000 times smaller than that of the conventional flow injection analysis (ca. 20 -200 µl). As the flow rate of the carrier solution was 1.67 ml min -1 , only about 0.5 ml was consumed even for 100 measurements. We also examined the calibration curve of ILITC-labeled HSA. It was determined over the range of 1 × 10 -8 -1 × 10 -6 M with the detection limit of 1 × 10 -8 M (S/N = 3). The correlation coefficient of the calibration curve was 0.999. The relative standard deviation of 1.0 × 10 -7 M ILITC-labeled HSA (n = 15) was ca. 3.0%. The sensitivity of HSA in the present method was about 100 -1000 times as high as that found in the usual absorption method.
The present ultra-micro flow analysis system equipped with the CL detector enabled the down-sizing in consumption of sample and reagent solutions, the sensitive and reproducible determination, a simple instrumental system which does not need light source or spectroscopes, and the analyses repeated at least 100 times.
